factors is similar among young and old stroke patients with large proportions (50-80%) having ≥ 2 risk factors. Even though the prevalence of well-established risk factors differs between pathogenetic subtypes, these risk factors as well as the multiplicity of risk factors seem to be of clinical importance in all major subtypes of ischemic stroke.
Introduction
Well-established vascular risk factors for stroke, including hypertension, diabetes mellitus, heart disease, current smoking and hypercholesterolemia, are common in the general population. Primary and secondary prevention of cerebrovascular disease, especially regarding hypertension and hypercholesterolemia, is believed to be related to the decline in stroke incidence over the last few decades [1] , although it has not been noted by others [2] . Hypertension is however still regarded as the most important risk factor for stroke [3] [4] [5] .
Previous studies have described the total number of wellestablished vascular risk factors for ischemic stroke in young patients [6, 7] and between the ages of 40-80 years [8] , but less is known about the multiplicity of risk factors in cohorts of patients covering the full spectrum of age groups.
Individual stroke risk factors and their relation to the clinical subtypes of cerebral infarcts, e.g. the Oxfordshire Community Stroke Project, a clinical classification system for acute ischemic stroke, have been reported previously [2, 3, 9] . However, there are fewer published data available concerning the multiplicity of risk factors for different pathogenetic subtypes of ischemic stroke, as defined e.g. according to the TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification system [10] [11] [12] [13] .
In the present study, we therefore examined the distribution of individual well-established risk factors, as well as the multiplicity of risk factors, in first-ever ischemic stroke patients across the full spectrum of age groups and different pathogenetic subtypes.
Materials and Methods
Patients living within the primary catchment area of Skåne University Hospital Lund (total population of approx. 235,000 inhabitants) [14, 15] with a first-ever ischemic stroke were consecutively included in the Lund Stroke Register between March 2001 and June 2009. There is no other hospital for acute stroke patients in this catchment area. Patients from other areas treated at our hospital were excluded from this study.
The patients were divided into the following age groups: under 45, 45-54, 55-64, 65-74, 75-84 and 85 years or older.
The Lund Stroke Register uses the definition of stroke suggested by the World Health Organization, which is 'rapidly developing clinical signs of focal (or global) disturbance of cerebral function, with symptoms lasting 24 h or longer or leading to death, with no apparent cause other than of vascular origin'. As of 2008, the definition was broadened to include patients with diffusion abnormalities on magnetic resonance imaging, representing new brain ischemia, and with a location correlating to the clinical symptoms, irrespective of symptom duration. Patients who received recombinant tissue-type plasminogen activator with no lasting symptoms after 24 h were considered as having had a transient ischemic attack.
Risk Factors
The 5 well-established vascular risk factors examined in this study were defined as follows: (1) hypertension -previously diagnosed, including blood pressure examinations from the last year, newly diagnosed ( ≥ 160/90 mm Hg) at time of discharge or at least 1 week of hospital care, or current treatment during the last 2 weeks before stroke onset; (2) diabetes mellitus -previously diagnosed (dietary, oral pharmacological or insulin treatment), newly diagnosed at time of discharge or 1 week of care ≥ 6.1 mmol/l (capillary or whole blood) on 2 occasions or ≥ 7.0 mmol/l (plasma) on 2 occasions, >11 mmol/l (once + symptoms) [16] ; (3) heart diseaseangina pectoris, heart failure, myocardial infarction, medically treated heart disease, heart surgery (valve or bypass), atrial fibrillation or atrial flutter [17] , as well as pacemaker (which was also regarded as an indicator of heart disease); (4) hypercholesterolemiapreviously diagnosed (within the last year), recently discovered (total cholesterol >5.0 mmol/l or low-density lipoprotein >3 mmol/l) or dietary or oral pharmacological treatment during the last 2 weeks before stroke onset; (5) current smoking -current smoker, ≥ 1 cigarette/day during the last 3 months, i.e. ≥ 90 cigarettes in the last 3 months. Those not classified as current smokers were either previous smokers or had never smoked at all.
For 312 of the 2,505 patients, data was unavailable regarding 1 of the 5 risk factors. These patients were considered as not having that specific risk factor ( table 1 ). All other patients had available data regarding all risk factors.
Computed tomography was performed in 100% of the patients, and approximately 96% underwent electrocardiography examination. A majority of the patients, approximately 55%, were examined by Doppler ultrasonography of the carotid arteries, while 20-30% were examined by computed tomographic angiography and 20-30% by ultrasound of the heart including the aortic arch. Fasting blood glucose levels were measured on at least 2 occasions during the hospital stay. Telemetry was made only in a minority (approx. 5%) of patients.
Pathogenetic Subtype Classification
The patients were classified in 5 major causative subtypes, as briefly described below: (1) cardioaortic embolism (CE), arterial occlusions presumably due to an embolus arising in the heart; (2) supra-aortic large artery atherosclerosis (LAA), clinical and brain imaging findings of either significant stenosis or occlusion of clin- 163 ically relevant extracranial or intracranial arteries judged to be due to atherosclerosis; (3) small artery occlusion (SAO), one of the traditional clinical lacunar syndromes presumably caused by a single infarction within a territory supplied by a single penetrating end artery and without evidence of cerebral cortical dysfunction; (4) other causes (OC), rare causes of stroke, such as nonatherosclerotic vasculopathies, hypercoagulable states or hematological disorders; (5) stroke of undetermined cause (UND). This category was further divided into subcategories: (a) cause could not be determined because of incomplete evaluation (subcategory UND-IE), (b) cause could not be determined despite relevant examination (subcategory UND-OTHER) and (c) patients with 2 or more potential causes of stroke (subcategory UNCL).
Approximately 70% of the pathogenetic subtype classifications were made using the Causative Classification of Stroke System [12] , approximately 20% of the cases were classified according to the Stop Stroke Study TOAST [11] , 6% according to the Causative Classification System of Ischemic Stroke [13] , and the original TOAST classification system [10] was used in <5%.
Ethics
This is a hospital-based study. Informed consent was provided by the patients, or when necessary, their next of kin. Ethical permission for this project was obtained from the Regional Ethics Committee in Lund.
Statistics
The Mann-Whitney U test was used for the analysis of the number of risk factors when comparing the sum of risk factors in the different age groups, between the sexes as well as between the pathogenetic subtypes. To examine the difference in prevalence of individual risk factors between men and women, we used the Pearson χ 2 test and linear-by-linear association for examining trends in individual risk factor prevalence in different ages. A logistic regression analysis was made to examine the distribution of TOAST subtypes among men and women and the total number of risk factors for the pathogenetic subtypes in different ages. The linear-by-linear association and logistic regression analyses involving age were performed using continuous age (in years). The age distribution results are however presented in age groups. Confidence intervals for calculated proportions of risk factors were estimated according to Gardner and Altman [18] . Two-tailed probability values of <0.05 were considered to be statistically significant. Where appropriate, this was adjusted for multiple comparisons according to Bonferroni. The processing of data, including statistical calculations and preparing of tables, was made using the SPSS software version 20.
Results
Our sample consisted initially of 2,763 patients. Patients were excluded in cases where no pathogenetic subtype classification had been performed (n = 196), when no exact date for stroke onset could be determined and therefore missing data regarding age at the time of stroke onset (n = 9), and also in cases lacking information regarding 2 or more of the risk factors (n = 53). Thus, the final number of patients for this study was 2,505.
Baseline characteristics of the 2,505 patients are presented in table 1 . The mean age was 74 years. The age distribution ranged from 17 to 101 years in males and from 18 to 102 in female patients.
The prevalence of individual risk factors in different age groups is shown in figure 1 . It can be noted that heart disease was more common among the older patients (p < 0.001). The highest proportion of current smokers was seen between the ages of 45-64.
Hypertension was more common among women than men (p = 0.005), while there was a male dominance for current smoking (p < 0.001) and diabetes mellitus (p = 0.04). The prevalence of the other risk factors did not differ significantly between the sexes ( table 1 ).
Multiplicity of Risk Factors
Among the younger patient groups (<55 years), at least 50% had ≥ 2 risk factors and 20-25% had ≥ 3 risk factors. In patient groups aged 55 years or older, the proportion with ≥ 2 risk factors was 70-80% and with ≥ 3 risk factors 35-45% ( table 2 , fig. 2 ).
The total number of risk factors increased significantly (p < 0.001) between the ages of 45-54 and 55-64 and peaked in the 65-to 74-year age group (mean number of risk factors 2.4; table 2 , fig. 2 ). However, the risk factor burden was lower among the older patients, with fewer risk factors among patients aged 85 years and older compared to the age group 75-84 years (p = 0.006) as well as between the age groups 75-84 and 65-74 (p = 0.04). There was no significant difference in the total risk factor burden between men and women in any age group (online suppl. table S1; for all online suppl. material, see www. karger.com/doi/10.1159/000357150).
Pathogenetic Stroke Subtypes
A decrease in proportion with increasing age was seen for SAO (p < 0.001) and OC (p < 0.001), while strokes in older age groups were more frequently classified as CE (p < 0.001) and UND (p = 0.03; fig. 3 ). LAA was uncommon both among the youngest and the very oldest patients (p = 0.001). A large percentage of all age groups were classified as UND, ranging from 27% in the 45-to 54-year age group, to 40% among the patients aged 75-84 years. Of these undetermined cases, the proportion classified as UND-IE was 13-15% among patients under 55 years and 34-35% in patients 75 years or older. The proportion of patients in the UND subtype despite relevant examinations (UND-OTHER) ranged from 11-15% in patients under 55 years to 1-4% in patients 75 years or older.
There was a high prevalence of all the well-established individual risk factors, except for heart disease in the LAA subtype. In the CE subtype, the lowest number of current smokers was observed (11%, average 19%). Hypertension, hypercholesterolemia and current smoking were common in the SAO subtype. As expected, cases classified as OC had a low prevalence of the individual risk factors, with the exception of current smoking (22%). Among the UNCL cases, there was a high prevalence of hypertension, diabetes and heart disease, while the prevalence of risk factors in the UND-IE category was near the general average in all risk factors apart from heart disease (26%).
The risk factor burden was heavier among the CE (total mean 2.5) and LAA (total mean 2.5) subtypes com- Results are expressed as patient numbers with percentages in parentheses. The median number of risk factors was 2.0 for all age groups, except for the youngest patients, 15-44 years old, where the median number was 1.5. a p < 0.001, difference in number of risk factors between age groups 45-54 and 55-64; b p = 0.04, between age groups 65-74 and 75-84; c p = 0.006, between age groups 75-84 and over 85 years. There was no significant difference in risk factor burden between the sexes in any age group. pared to the other pathogenetic subtypes (CE p < 0.001, LAA p = 0.001; online suppl. fig. S1 ). Approximately 50% of the cases classified as CE and LAA, and 44% of the CE cases aged over 85 years (mean 2.3 risk factors), had ≥ 3 risk factors. The overall mean number of risk factors in the over 85-year age group was 2.1. The higher number of risk factors among the CE and LAA subtypes remained when heart disease was excluded from the risk factor burden (p < 0.001). When sex distribution for the different pathogenetic subtypes was weighted against age in a logistic regression analysis, no significant difference could be seen between the sexes for CE, SAO and UND. However, the male dominance in the LAA subtype remained after the logistic regression analysis (p = 0.02), while there was a tendency towards female dominance for OC (p = 0.04).
Discussion
Our study showed that in all age groups, a large proportion of ischemic stroke patients, ranging from 50 to 80%, had ≥ 2 well-established vascular risk factors. This suggests that the influence of these risk factors on developing an ischemic stroke may often be similar in young patients compared to older patients. This is in line with previous studies where it has been reported that wellestablished risk factors are not uncommon among young stroke patients [6, 7] . In the SIFAP study [7] for example, 56% of the patients younger than 56 years were smoking and 47% had hypertension. Less than one fifth of the youngest patients, i.e. those under 45 years, did not have any of the examined risk factors. This indicates that these risk factors are important in all ages. Our method using assessment of the multiplicity of risk factors is supported by the observation that several simultaneous comorbidities are frequent in the population, indicating a need for a comprehensive health care [19] .
Somewhat surprisingly, the very oldest stroke patients (aged >85 years) had fewer risk factors than the average of all patients ( table 2 ) even though old age can be regarded as a nonmodifiable risk factor per se. One explanation may be that it is less likely to reach the age of 85 and older if many of these risk factors are present. Our observation that current smoking was less frequent among the elderly may be explained by the fact that some of the patients had quit smoking or died of tobacco-related causes.
It is of interest to compare our findings with a background population. In the Lund Stroke Register, we also examined 970 control subjects without stroke (57% men, median age 76 years). For all the age groups of this study, the number of risk factors was significantly lower (p < 0.001, Mann-Whitney U test) among these control subjects when compared with the included patients.
The pathogenetic stroke subtypes varied considerably regarding the total risk factor burden as well as regarding the prevalence of the different specific well-established risk factors. The highest sums of risk factors were seen in CE and LAA, whereas the SAO subtype had a higher prevalence of hypertension (74 vs. 65%), hypercholesterolemia (70 vs. 66%) and current smoking (26 vs. 17%) compared with the average of the other subtypes combined. Even though an insufficient diagnostic workup in some patients may have an effect on the results, this could suggest that the examined risk factors vary in influence on different subtypes of ischemic stroke [20] . Other risk factors not examined in our study may also be of importance.
Within the UND subtype, the mean number of risk factors was 2.0 for the UND-IE subcategory, 2.4 for UNCL and 2.0 for the other undetermined strokes, UND-OTHER.
When excluding strokes classified as OC, the mean number of risk factors increased from 1.6 to 1.7 among patients under 45 years and from 1.8 to 1.9 in the 45-to 54-year age group. It must be mentioned though that when removing OC, there were only 28 patients left in the youngest age group.
There are some limitations in our study. Even though it was most common among the older patients, a large percentage of all age groups were diagnosed as UND ( fig. 3 ) . The reason why the oldest patients were more frequent in the UND subtype may partly be because the diagnostic workup in these cases is generally not as comprehensive as for the younger patients. Also, older patients are more likely to have severe strokes that may inhibit further diagnostic evaluation [21, 22] . The proportion of UND-OTHER was higher in the younger age groups. The greater percentage of UND in our study compared to previous reports [3, 9, 23 ] might also be explained by the fact that the TOAST classifications were using results from the routine diagnostic methods for evaluating stroke.
Other suggested modifiable risk factors, such as obesity and physical inactivity, were not included in the analysis. Patients who received treatment for hypercholesterolemia and therefore had cholesterol levels within the recommended limits were still considered as having this risk factor, which might be disputed [24] . The current definition of hypertension is >140 mm Hg systolic blood pressure, but when the study started in 2001, the mostly used threshold was >160 mm Hg systolic blood pressure. Since we were not able to apply the current definition on patients who had already been included, we used the older threshold for this study. The Lund Stroke Register has gathered data consecutively from patients with first-ever strokes since 2001. The chosen methods of classifying ischemic stroke into pathogenetic subtypes have changed over the years, and it cannot be ruled out that the different methods may have affected our results. In our material, the collection of data did not allow for a distinction made between atrial fibrillation and other types of heart disease. However, approximately 65-70% of the cases classified as CE were diagnosed as having atrial fibrillation. On the other hand, even though we only included patients who were treated at Skåne University Hospital in Lund, where approximately 8% of all stroke patients are estimated to never arrive at the hospital [25] , this hospital-based study consists of a large material. The method for including patients has been consistent through the entire study period and the uptake area has remained unaltered and homogeneous.
When describing stroke in terms of pathogenetic subtypes, our results indicate that it is important to be aware of the difference in age distribution, since some subtypes are dominated by older patients and others by younger patients ( fig. 3 ) . Designing a treatment study, for example, with a limited age range might lead to a bias in what subtypes will be included in the study. But if the study is designed to focus on a specific subtype, age selection can be used to maximize the number of included patients.
In conclusion, concurrent multiple well-established risk factors are highly prevalent in all age groups of ischemic stroke patients, and the pathogenetic subtypes with the heaviest risk factor burden are CE and LAA. A shift in focus from single risk factors to the total burden of risk appears warranted in initial assessment and long-term follow-up after stroke.
